Using Coulomb-Yukawa like correlated interaction potentials of integer and noninteger indices the series expansion formulae in terms of multicenter overlap integrals of three complete orthonormal sets of ψ α -exponential type orbitals and linear combination coefficients of molecular orbitals are established for the potential of electrostatic field produced by the charges of molecule, where α = 1, 0, -1, -2, … . The formulae obtained can be useful for the study of interaction between atomic--molecular systems containing any number of closed and open shells when the ψ α -exponential type basis functions and Coulomb-Yukawa like correlated interaction potentials are used in the Hartree-Fock-Roothaan and explicitly correlated approximations. The final results are valid for the arbitrary values of parameters of correlated interaction potentials and orbitals. As an example of application, the calculations have been performed for the potential energy of interaction between electron and molecule H2O using combined Hartree-Fock-Roothaan equations suggested by the author.
Introduction
It is well known that the electron-molecule interaction potential is very sensitive to the minor errors in the wave functions.
1,2 Therefore, for the caculation of this potential it is desirable to use Slater type orbitals (STO) as basis sets which describe the situation more accurately than do Gaussion type orbitals. In the study of electron-molecule interaction the Slater functions were used in the literature (see Refs. [3] [4] [5] [6] and the bibliography quoted in these papers).Unfortunately, the STO functions are not orthogonal with respect to the principal quantum numbers that creates some difficulties in electronmolecule potential calculations. Thus, the neccessity for using the complete orthonormal sets of ψ α -exponential type orbitals ( − α ψ ETO, α = 1, 0, -1, -2, … ) as basis functions arises. 7 In previous papers, 8, 9 a large number of different sets of expansion formulae of symmetrical and unsymmetrical one-range addition theorems and multicenter charge densities for ψ α -ETO basis funtions has been established. These different sets have the further advantages that the formulae presented in Refs. [8, 9] can be chosen properly according to the nature of the problems under consideration. This is rather important because the choice of series expansion relations will determine the rate of convergence of series expansions arising in molecular electronic structure calculations.
In this study, the series of expansion formulae are derived for the potential produced by molecule when the − α ψ ETO basis functions and the Coulomb-Yukawa like correlated interaction potentials (CIP) approximations in the HartreeFock-Roothaan (HFR) theory are employed. The results presented are especially useful for the investigation of electron scattaring from molecules and interaction between them.
Definition and Basic Formulas
The operator of noninteger µ * potential examined in this work has the following form (see Fig. 1 ):
. 
Here, and are radius-vectors of the point g with respect to the origin of the molecular coordinate system and to the nuclei of N electron molecule, respectively (b ≡ a, c, …), Zb is the charge of nucleus b, is the distance to the ith electron of molecule and 0 ≤ ξ < ∞. The Coulomb (for ξ = 0) and Yukawa (for ξ ≠ 0) like CIP operators occurring in Eq.(1) are defined as 
where Sνσ (θ, φ) are the complex (Sνσ ≡ Yνσ) or real spherical hormonics. In order to obtain the average expectation value of operator (1) 
−
In the treatment of potential of the field produced by all the charges of molecule it is necessary to transform the operator (1), which depends upon the coordinates of three points, in such a way that the coordinates of these points appear in a computationally more convenient form. This requires a separation of integration variables from those related to the geometry of the molecule. For this purpose, we use the symmetrical one-range addition theorems established in a previous paper. (3) and (4) we obtain for one-center expansion of Cuolomb-Yukawa like noninteger µ * CIP the expression in terms of integer µ CIP :
where η > 0 and
Here,
Substituting (9) into (7) we obtain for one-center expansion of Cuolomb-Yukawa like CIP operator in terms of − α ψ ETO the following formula:
where
Use of Symmetrical One-range Addition Theorems of
We take into account Eq. (14) in (1). Then, the potential operator is expressed through the basis functions − α ψ ETO:
Now we shall use in (17) the symmetrical one-range addition theorems of − α ψ ETO established in a previous paper 8 in the following form:
where ( ) ( )
In the derivation of Eq. (19) we have taken into account the property ( )
η r η r which is obtained by the use of inversion transformation of spherical harmonics. We notice that the quantities 
where p ≡ nlm. The linear combination coefficients α pi C can be determined by solving the combined HFR equations for molecule using − α ψ ETO basis functions (see Ref.
[12]). For the calculation of multicenter integrals arising in the combined HFR equations we can use the one-range addition theorems for basis functions (see Ref. [13] and references quoted therein to our papers).
The correlated interaction potential (21) can also be expanded in multipole potentials:
where ( )
The evaluation of integral (25) can be performed using a formula (19). Then, it is easy to show that the radial part of multipole potential is determined by 1 ′ p (29)
The series expansion relations for three-center integrals (29) in terms of two-center overlap integrals over − α ψ ETO are presented in a previous work.
14 Thus, we have established a large number of different sets of series expansion relations (α = 1, 0, -1, -2, … ) for the potential produced by molecule in terms of linear combination coefficients of molecular orbitals and two-center overlap integrals over − α ψ ETO. For the calculation of two-center overlap integrals the efficient computer programs especially useful for large quantum numbers are available in our group. 15 Therefore, by using the computer programs for the overlap integrals one can calculate the potential of the field produced by molecule.
As an application of Eqs. (24) and (26) The results of computer calculations in atomic units for 000 000 
Conclusion
The reliable descriptions of interaction between molecules, electron scattering from molecules and their photoionization and photoluminescence require ab initio electron-molecule potential. In this study, the computationally efficient and accurate method for evaluating electron-molecule interaction potentials has been suggested using one-range addition theorems for − α ψ ETO. 8, 9 The series expansion formulae are expressed through the linear combination coefficients of molecular orbitals and multicenter overlap integrals of − α ψ ETO. The electron-molecule interaction potentials obtained are of great importance from the viewpoint of both theory as well as their application especially to the determination of interaction energy between atomic-molecular systems when the HFR and explicitly correlated approaches are employed.
